 Abstract-The potential of Pleurotus ostreatus as biosorbent for cadmium (II) removal was investigated. The maximum cadmium (II) removal was found to be at 85%, under the optimum condition of 0.5 g Pleurotus ostreatus biosorbent concentration, initial pH 6, 10 minutes contact time, 10 mg/L cadmium (II) concentration in 50 mL solution, at 125 rpm on orbital shaker and at room temperature (26 ± 1 °C). The application of Pleurotus ostreatus as biosorbent in electroplating industrial wastewater was also investigated. This study is pivotal for further modeling and scaled up pilot study in alternative sustainable heavy metals removal technology development by deploying Pleurotus ostreatus biosorbent.
I. INTRODUCTION
Heavy metals pollution has become one of the most serious environmental problems today. The heavy metals have high mobility in aquatic systems and present high toxicity [1] . It bio-accumulates in living organisms and threats the environment and human health. Cadmium is found to be mostly present in various industry effluents such as electroplating, fertilizers, mineral processing and battery manufacturing [2] . Conventional heavy metals removal technologies are known to have certain major disadvantages at heavy metals concentration lower than 100 mg/L [3] . Problems include incomplete metal removal, requirements for expensive equipment and monitoring systems, high reagent or energy costs and generation of toxic sludge or other schedule waste products. Therefore, an effective new sustainable technology is required to reduce heavy metals concentrations to environmentally acceptable levels at an affordable cost.
Recently, biosorption has emerged as an alternative heavy metals removal technology. The major advantages of the biosorption are high efficiency in reducing the low concentration of heavy metals, locally available in large number, biodegradable based biosorbents as well as turn waste to wealth. Recovery of heavy metals from biosorbent could be easily achieved by diluted acid desorption process [4] . Many fungal species have been extensively studied for their heavy metals removal efficiency [5] . Pleurotus ostreatus or commercially known as oyster mushroom is an edible fungus commonly found in Asian cuisine. Biosorbent of Pleurotus ostreatus is easily available from agricultural waste of oyster mushroom cultivation farm or from fermentation industry. Although different potential fungal biosorbents have been investigated, very little is known of the ability of Pleurotus ostreatus in heavy metals removal. This paper reports on the potential of Pleurotus ostreatus as biosorbent for removal of cadmium containing wastewater.
II. METHODOLOGY

A. Cadmium (II) Solution Preparation and Biosorbent
Preparation Contributions cadmium (II) solutions and standards were prepared using analytical grade anhydrous cadmium (II) chloride salt (CdCl 2 , Acros organics, USA). All reagents were prepared in ultrapure water with resistance of 18.2 MΩ × cm. Fungal Pleurotus ostreatus biosorbent was obtained from C & C Mushroom Cultivation Farm Sdn. Bhd., Johor, Malaysia and was isolated at University Kebangsaan Malaysia. Mycelium of Pleurotus ostreatus was cultured in 1 L flasks containing 400 mL of malt extract medium at 25 °C, 125 rpm in an incubator shaker (Qmax 5000, Thermo Electron, USA) for 21 days. The biosorbent was autoclaved for 15 minutes at 121 °C, 18 psi and then oven dried overnight at 60 o C. It was then ground finely to particles with size ≤ 150 µm. The Pleurotus ostreatus biosorbent was stored in silica filled desiccators.
B. Batch Cadmium (II) Removal Experiments
Contributions cadmium (II) solutions and standards were prepared The biosorption experiment was conducted with 50 mL of 50 mg/L initial concentration of cadmium (II) solution in 250 mL Erlenmeyer flask for 60 minutes of contact time at room temperature 26 ± 1 °C. The amount of Pleurotus ostreatus biosorbent was administered between 0.1 g to 0.6 g. Effect of initial pH on biosorption was studied with values ranging from 3 to 9. The contact time chosen for the time dependence studies were 0.5 to 90 minutes. The optimum conditions for cadmium (II) removal were applied to the experiment on different range of initial cadmium (II) concentration between 10 to 60 mg/L and wastewater from electroplating industry spiked with 7 mg/L of cadmium (II). After biosorption, samples were centrifuged at 1400 rpm for 20 minutes (1024, Kubota, Japan). The concentration of cadmium (II) was analyzed by using UV-Vis ion chromatography (Metrohm model 844). Glacial acetic acid and ammonium hydroxide were used for pH adjustment.
The experimental data was analyzed by the (1) in order to obtain the percentage of cadmium (II) removal by Pleurotus ostreatus.
where C o is the initial cadmium (II) concentration (mg/L) and C f is the concentration of cadmium (II) in solution (mg/L). [6] - [8] were in the same order of magnitude with this study.
B. Effect of Initial pH
The percentage of cadmium (II) removal was strongly dependent on pH (Fig. 2) . Maximum removal of cadmium (II) was found to be at pH 6 with 81%. At low pH, protons compete with cadmium (II) ions for most of the binding sites on the biosorbent surface. Binding attraction decreases as the surface of the biosorbent becomes more positively charged. This prevents the binding of cadmium (II) ions due to charge repulsion with the protons on the biosorbent. Under alkaline conditions, deprotonation of the heavy metals binding sites and precipitation of cadmium (II) ions as insoluble hydroxides or hydrated oxides is believed to be responsible for the decrease in cadmium (II) removal of Pleurotus ostreatus. 
C. Effect of Contact Time
The percentage of cadmium (II) removal by Pleurotus ostreatus as a function of contact time is depicted in Fig. 3 . It was observed that there are two stages for the removal of cadmium (II); an initial rapid increase in removal percentage during the first 10 minutes, then followed by a plateau phase at 89%. This indicated that initially the presence of abundant vacant binding sites becomes saturated after these sites were occupied. Remaining vacant binding sites might also be difficult to occupy due to repulsive force between the solute molecules of the solid and bulk phase. Chakravarty et al. (2010) [13] reported similar trend of observation whereby the removal of cadmium (II) by heartwood powder of Areca catechu biosorbent reached equilibrium condition and there were no significant changes with further increase in contact time. In addition, similar magnitude 10 minutes for equilibrium phase was observed by Farooq et al. (2011) [12] . 
D. Effect of Initial Cadmium (II) Concentration
The percentage removal of cadmium (II) ions showed a decreasing trend as cadmium (II) ions concentration increased (Fig. 4) 
E. Cadmium (II) Removal from Wastewater
From Table I , the removal of cadmium (II) from electroplating industrial wastewater was found to be at 60%. Less removal of cadmium (II) occurred in the electroplating industrial wastewater as compared to synthetic cadmium (II) solution which the calculated value from Fig. 4 was 87%. This decrease in percentage of cadmium (II) removal might be attributed to the presence of other heavy metals in the electroplating industrial wastewater such as nickel (II), copper (II), argentums (I) and lead (II) that compete with cadmium (II) for binding sites on the biosorbent. Furthermore, the pH of the electroplating industrial wastewater is very much lower than the optimum pH for cadmium (II) removal, being at pH 3. Excess protons present under acidic conditions compete with cadmium (II) ions for vacant binding sites, thus reducing cadmium (II) removal by the biosorbent. Similar observation was also reported by Katsumata et al. (2003) , lvarez-Ayuso and Garcí a-Sá nchez (2007) and Ziagova et al. (2007) [17] - [19] .
IV. CONCLUSION
Pleurotus ostreatus is a potential biosorbent, which contributed to alternative sustainable heavy metals removal technology. Experiments recorded 85% of maximum cadmium (II) removal under optimum operation. The optimum parameters for cadmium (II) removal were 0.5 g of Pleurotus ostreatus biosorbent concentration, initial pH of pH 6, 10 minutes of contact time and 10 mg/L initial cadmium (II) concentration. The cadmium removal in industrial wastewater showed lower percentage of cadmium (II) removal if compared to synthetic solution. This is because there are competition of others heavy metals and low pH of industrial wastewater is also not represented the optimum operation condition. Removal of heavy metals by Pleurotus ostreatus biosorbent is in-line with the alternative sustainable technology development for wastewater purification system.
